The content of indoleacetic acid (IAA) was determined in dry and germinating seeds of French bean (Phaseolus vulgaris), sugar maie (Zea mays), and Scots pine (Pinus silvestris). IAA was found in both the dry and the soaked seeds of the three species examined. The amount of IAA per gram fresh weight was extremely different in the three species whereas the variation between different harvests of the same species was small. Maize contained the highest level of IAA and bean the smallest. The time of imbibition was of decisive importance for the level of IAA. In all three species the content of IAA increased considerably during the initial 4 hours of swelling. The highest level of IAA was found in seeds that had swelled for 24 to 48 hours, during which period the radicies began to emerge from the seed coat. Later, during the period of npid root growth, the content of IAA declined.
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Auxin is an important plant growth hormone which is active in the regulation of most growth processes in plants. However, its role in the germination of seeds is largely unknown. While it is well known that gibberellins and cytokinins are of importance for the germination processes (2, 10, 13) some authors assume that auxin is of no importance for the mobilization of nutrients or for the early metabolic and growth processes in the embryo (e.g. [25, 26] ).
Most of the present evidence of the roles of plant hormones in the germinative processes is based on the effects of external application of compounds to the seeds. The general finding is that exogenously applied auxin has no promotive effect on germination. This may be the basis of the belief that auxin is of no or little importance for germination. It is also possible that no promotive effect is found as the seeds may already contain a level of endogenous auxin optimal for germination.
So far, relatively few attempts have been made to characterize and identify the endogenous auxins in seeds during the germination and to relate quantitative changes to growth and developmental processes. Zea mays is a shining exception (e.g. [24] ).
This paper is a report of analyses of the amounts of endogenous IAA in dry and swelling seeds. A comparison has been made among three different species which belong to different taxonomic groups and which also differ in the kind of nutritive reserves they possess. The species studied were Zea mays, Phaseolus vulgaris, and Pinus silvestris. The seeds were soaked under conditions that were suitable for germination of each particular species. IAA content was determined by the indole-a-pyrone fluorescence method (21 (20) . On the other hand, the pine seeds imbibed in continuous light, which for this species is favorable for germination (17) . The light source was a ramp of mixed daylight and warm white 40 w fluorescent tubes giving 37 IL einsteins sec-1 m-2 measured in the wavelength area 400 to 700 nm.
Extraction and Purification. Seeds weighing 10 g before treatment were homogenized in a Sorvall homogenizer (bean and maize) or in a mortar (pine) in ice-cold methanol (10 ml/g plant material). To each homogenate was added another portion of methanol (10 ml/g plant material). The sterilization and soaking of the seeds resulted in a slight difference in the methanol concentration between different homogenates: soaking time: 0 hr = 98%; 4 hr = 97.5%; 24 hr = 96%; 48 hr = 95.5%; 72 hr = 92.5%. A known amount of [1-14C] IAA was also added in order to check losses that might occur during the purification procedure. Average isotope recovery was 78 ± 1 %. The extraction time was 20 hr, whereupon evaporation under reduced pressure was carried out until the methanol was evaporated. Some comparative extractions were made using either methanol or ether as solvents. Short duration extraction, 3 hr, at 4 C was compared with long duration, 20 hr, at 4 C. The purification procedure described by Knegt and Bruinsma (11) was followed to obtain the acid ether fraction.
UIA Determination. The method developed by Stoessl and Venis (21) was used for converting the IAA in the extracts into indolo-a-pyrone. The method is described in detail by Eliasson et al. (6) . The reaction was terminated by adding 48% ethanol.
The fluorescence of the indolo-a-pyrone formed was determined with a Zeiss spectrophotometer, PM QII, provided with a special attachment, ZFM 4, for inducing fluorescence. Figure 1 shows the instrumental setup. The light source was a Hg lamp (A). The exciting light was adjusted to 436 nm (half-bandwidth 7 nm) with a monochromator (B) Changes in IAA Content during Germination. Figure 2 shows the changes in IAA content during the germination of Phaseolus, Pincus, and Zea seeds. The IAA amount is expressed as a percentage of the amount present in one dry seed. It is interesting that a similar pattern appeared for all of the species. The level of IAA rose rapidly already during the first 4 hr of soaking. Around 24 to 48 hr, IAA reached a peak and then the auxin content decreased.
It is doubtful whether one can connect the changes in the IAA content during germination to morphological events. However, the IAA peak seems to appear just when the radicles emerge. Similar relative changes in the levels of auxins during the process of seed germination are documented for pine by Michniewicz (14) , Michniewicz and Kopcewicz (15) , and for maize by, among others, Cartwright et al. (3) and Ueda and Bandurski (24) . This pattern is also reported for other plants.
DISCUSSION
The present analyses provide further evidence that IAA occurs in dry and germinating seeds in a readily extractable "free" form or in "bound" forms which easily release free IAA. The level of free IAA increases very rapidly as a result of soaking the seeds.
The method used in the analyses in specific for IAA (21) and has been found reliable for the determination of IAA in plant extracts provided certain precautions are taken (6, 11 (14) found the auxin content of dry and soaked Pinus silvestris seeds roughly equivalent to 1 ng/g and 20 ng/g of IAA, respectively. These somewhat lower IAA values than found in this investigation can be explained by the presence of inhibitors in the extracts. In the Table I IAA content in extracts from seeds of Phaseolus (harvest I and II), Zea Auxin is active in cell wall growth by its influence on membrane properties, enzyme synthesis, and enzyme activation (4, 18) . Its role in the initiation, differentiation, and initial growth of root primordia in cuttings (7) and in tissue cultures (16) is well known. Auxin also promotes cell division in cambial tissues and in tissue culture and it is probable that low concentration of auxins is necessary for meristem function and embryogenesis (16) . Rapid development of metabolic activity in the embryo of pine seeds is reported in the time interval 24 to 48 hr after start of imbibition (17) . For bean, Walton (27) has reported cell elongation 4 to 5 hr prior to cell division and 5 to 6 hr prior to radicle protrusion in the intact seed.
Seen against this background it seems probable that the auxin present in germinating seeds is important at least for the cell division and cell growth occurring in the growing embryo. The decrease in auxin content during the later stages of germination indicates that the auxin level is influenced not only by the release or synthesis of IAA but also by inactivation as destruction or formation of new complexes (12) . This is an indication that auxin fulfills a regulatory function as the chain activation-transport-inactivation is a fundamental aspect of auxin activity.
The IAA levels in seeds of different species were found to vary greatly and may be related to the auxin level present in growing shoot parts which is also very different for different species. A higher level of auxin has been found in growing pine shoots (1) as compared to bean plants (9, 22) . Assay by a biotest indicated that growing aspen shoot tissue contained about 50 times the auxin content of growing pea shoots (5) .
At present we are involved in characterization and quantitative estimation of abscisic acid (23) , gibberellins, and cytokinins during germination of the same seed material. 319
